Effects of Some Spices on Acid Production by Starter Cultures
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ABSTRACT

Ginger, red pepper, mustard, mace, cinnamon and clove were
examined to determine their effects on growth of and acid production
by a starter culture containing Lactobacillus plantarum and
Pediococcus cerevisiae in a liquid medium. At 4, 8, and 12 g/1 levels all
spices except clove stimulated acid production by the starter bacteria
but did not stimulate increases in bacterial population. Clove was
inhibitory to the starter bacteria at and above the 4 g/1 level, but low
concentrations (0.5 - 2.0 g/) stimulated acid production. High
concentrations of cinnamon (8 and 12 g/1) delayed acid production, but
bacterial counts were similar to those of the control.

The antimicrobial properties of spices have been
- investigated for many years (5-7,15,21). Most of the
published reports deal with the effect of essential oils of
spices and other plant materials on a variety of
microorganisms (2,4,16-18). Koedam (I4) reviewed the
literature on antimicrobial action of essential oils for the
period 1960-1976. Reviews of earlier work on spices may
be found in references 4, 7, and 20. Considerable
variation in resistance of different microorganisms to a
given spice and of the same organism to different spices
has been observed (4,7). Although much attention has
been paid to pathogenic microorganisms (4,6,9,13,20),
little information is available on the effect of spices on
nonpathogenic microorganisms, particularly those used
as starter cultures in the food industry. Recently Salzer et
al. (19) reported on the effect of black pepper and its
constituents on several species of starter culture
organisms and fecal bacteria. Lactobacillus plantarum
was inhibited the least, Micrococcus specialis and
Streptococcus faecalis were somewhat inhibited and
Escherichia coli was inhibited the most. These workers
showed that fermented sausages can be prepared with
encapsulated pepper extract when starter cultures are
used. Karaioannoglou et al. (I1) found that garlic is
inhibitory to L. plantarum at concentrations greater than
1%.

Our studies on Lebanon bologna (23) indicate that
addition of spices to the sausage formulation enhanced
acid production during fermentation by either the
natural microflora present in ground meat or by added
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starter culture. We employed Lactacel MC starter
culture composed of L. plantarum and Pediococcus
cerevisiae. Recently we reported on the effect of Lebanon
bologna spice mixture and its major components, black
pepper, allspice, and nutmeg, on growth of and acid
production by Lactacel MC starter culture in a liquid
medium (/2). These spices stimulated acid production by
the starter culture; however, this effect could not be
attributed to increased bacterial population, since the
bacterial counts of spice-containing samples 4, 8 or
12 g/) did not differ significantly from those of the
controls.

This paper reports on the effect of the other spices
used in our Lebanon bologna formulation, red pepper,
clove, cinnamon, ginger, mustard and mace, on starter
culture Lactacel MC in a liquid medium.

EXPERIMENTAL

Spices

Sterilized red pepper, clove, cinnamon, ginger, mustard and mace
(Griffith Laboratories®, Inc., Union, NJ) were used throughout the
experiment.
Liquid medium

Beef extract (Difco Labs, Detroit, Mich.), 3 g; tryptone (Difco), S g;
sucrose, 20 g; and glucose, 20 g were dissolved in 1 liter of distilled
water. The pH of the solution was adjusted to 6.4 with 0.1 N H,SO, to
give a post-sterilization pH 5.8-6.1. Aliquots of 250 ml of the medium
were dispensed into 500-ml Erlenmeyer flasks and sterilized for 15 min
at 1S psi.

Starter culture

Lactacel MC (Merck and and Co., Inc., Rahway, NJ) containing L.
plantarum and P. cerevisizge was used in our fermentation work. In
some experiments the individual organisms were used: P cerevisige
(Lactacel, Merck and Co.) and L. plantarum (Lactacel DS, Merck and
Co.).

Fermentation

Sterilized spices were added aseptically to the flasks of sterile
medium to provide concentrations of 0.5, 1, 2, 4, 8, or 12g/,
respectively. Then 2.5 ml of commercial starter culture diluted with
0.5% peptone water was added to each flask and to a control containing
no spice to give an initial bacterial population in the range of
1.0-5.0 x 10* cells/ml. The flasks were incubated statically for 4 days at
35 C. Samples for bacterial counts and titratable acidity were taken at
24-h intervals.

Bacterial counts

Bacterial counts were made by conventional pour plate techniques
with tryptone glucose extract agar (Difco). Plates were incubated for
48hat35C.

Titratable acidity

Titratable acidity was expressed as ml of 0.1 N NaOH required to
titrate to pH 7.0 a 10-ml aliquot of the liquid medium after



centrifugation and dilution with S0 ml of distilled water. The initial
titratable acidities of the liquid media were 0.54-0.75 ml. Addition of
all spices except clove did not change the initial value significantly.

RESULTS AND DISCUSSION

The spice concentrations used in this work were
chosen to encompass the levels used in Lebanon bologna
formulations. The higher concentrations were used to
determine possible germicidal effects of spices.

All the spices examined enhanced acid production by
Lactacel MC starter culture but did not stimulate
bacterial growth. The effect of spice concentration and
the extent of stimulation of acid production was
characteristic for each spice studied. The amount of acid
produced, expressed as titratable acidity, and the
bacterial counts for cultures exposed to 4, 8, and 12 g/1
of ginger, mace, mustard, red pepper, and cinnamon
were measured at 24-h intervals for 4 days as shown in
Fig. 1-5, respectively. Bacterial counts for both the
control and the spice-containing samples increased from
104 to 108 cells/ml after 24 h and remained in that range
throughout the incubation period. A slight decrease in
counts was occasionally observed after 96 h of incuba-
tion.

Twice as much acid was produced in samples contain-
ing ginger as in the control (Fig. 1). The amount of acid
produced was similar for all three concentrations of
ginger tested, and no significant differences in bacterial
counts were observed until at least 72 h of fermentation.

Mace stimulated acid production by the starter culture
only slightly and the acidity produced at the 4, 8 and
12 g/1levels did not differ significantly (Fig. 2). Bacterial
counts for all samples were in the 108 cells/ml range after
24 and 48 h and decreased slightly during the later stages
of incubation.

Acid production by Lactacel MC starter culture
increased with increasing concentrations of mustard
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Figure 1. Effect of 4. 8. and 12 g/ ginger on growth of and acid
production by Lactacel MC starter culture organisms in liquid
medium.
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Figure 2. Effect of 4. 8, and 12 g/l mace on growth of and acid
production by Lactacel MC starter culture organisms in liquid
medium.

(Fig. 3). At the 12 g/l concentration, three times as much
acid was produced as in the control sample. Bacterial
counts for the control and the samples containing 4, 8
and 12 g/l mustard were similar and were in the range
2.5-4.0 x 10® cells/ml at 24 and 48 h.

Red pepper (Fig. 4), like mustard, strongly stimulated
acid production, particularly in the initial stages of
fermentation. Bacterial counts for the control and the
samples containing red pepper were practically identical
during 4 days of fermentation. Acid production
increased with increasing concentration of red pepper at
all stages of fermentation. Titratable acidities after 96 h
for the control and for samples containing 4, 8 and 12 g/1
red pepper were 2.29, 4.15, 5.64 and 6.83 ml,
respectively.
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Figure 3. Effect of 4. 8. and 12 g/l mustard on growth of und acid
production by Lactacel MC starter culture organisms in liquid
medium.
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Figure 4. Effect of 4, 8, and 12 g/l red pepper on growth of and acid

- production by Lactacel MC starter culture organisms in liquid
medium.

The effect of cinnamon (Fig. 5) on acid production by
the starter culture organisms was different from the
effects of the above-mentioned spices. Titratable
acidities for all cinnamon-containing samples were
greater than for the control after 96 h; however, the
amount of stimulation diminished with increasing
concentration of cinnamon. There was a definite
inhibition of acid production in cinnamon-containing
samples in the initial stages of fermentation. After 24 h,
the sample with 4 g/l cinnamon had an acidity value
similar to that of the control, while no acid was formed in
the 8 and 12 g/1 samples. In fact, at the 12 g/1 level, acid
production did not take place until after 48 h of
fermentation. However, bacterial growth was not
inhibited in any of the cinnamon-containing samples at
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Figure S. Effect of 4, 8, and 12 g/1 cinnamon on growth of and acid
production by Lactacel MC starter culture organisms in liquid
medium.

any stage in the fermentation, and all counts fell into a
relatively narrow range around 3 x 10® cells/ml. This is in
contrast to the findings of a number of workers that
cinnamon possesses strong antimicrobial properties
toward some microorganisms (3,7,10).

To investigate this effect further, cinnamon was added
to the liquid medium in concentrations ranging from 0.5
to 8g/l. Acid production (Fig.6) increased with
increasing concentration of cinnamon, reaching a
maximum at the 4 g/l level, and then declined at the
8 g/l level. In the presence of 2 g/I cinnamon or less, acid
production was enhanced even after 24 h, while at higher
concentrations acid production was initially inhibited
but at later stages enhanced. Bacterial counts (Table 1)
for samples containing up to 4 g/l cinnamon were in the
same range as the control, 108 cells/ml throughout the
incubation period. In this instance the sample containing
8 g/l cinnamon had a slightly lower count after
24 h, 2.0 x 107, but the count reached 1.7 X 10® cells/ml
after 48 h.
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Figure 6. Effect of 0.5, 1, 2, 4, and 8 g/l cinnamon on acid
production by Lactacel MC starter culture organisms in liquid medium.

Initial experiments indicated that no acid was
produced in samples containing 8 g/1 clove. This was
expected since clove has been reported to show
antimicrobial activity toward various species of micro-
organisms. Therefore the effect of clove on Lactacel MC
starter culture was tested at concentrations ranging from
0.5 to 8g/l. Bacterial counts (Fig.7) for samples
containing 0.5 g/1 clove did not differ significantly from
those of the control. However, with increasing concentra-
tion of clove, increased inhibitory effects on the starter
culture organisms were observed. Clove was definitely
inhibitory at the 8-g/1 concentration. In spite of its
inhibitory effect at higher concentrations, clove stimu-
lated acid production by the starter culture bacteria at
low concentrations (Fig. 8). In fact, twice as much acid
was produced in samples containing 0.5 g/1 clove as in
the control. At the 2 g/l level, the amount of acid
produced was equal to that of the control, even though
the bacterial count was about 2 logs less than that for the



TABLE 1. Effect of cinnamon on growth of starter culture (L.
plantarum and P. cerevisiae) at 35 C.

Bacterial count8/ml
Cinnamon (g/1) 24 h, 48 h 72h 96 h
0 1.9x 108 2.0x 10 1.2x 10* 8.3x 107
0.5 2.3x 108 3.2x10% 24 x10® 2.1x 108
1 2.4 %108 3.4x10% 3.6x 108 2.2x 108
2 29x 10* 8.8 x 108 9.6 x 10% 1.0x 10%
4 1.7x 108 2.0x 10 3.2x10% 7.6 x 107
8 2.0x 107 1.7 x 108 23x 108 3.0x10*

3The initial bacterial count was 3.9 x 104 cells/ml.
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Figure 7. Effect of 0.5, 1. 2. 4, and 8 g/I clove on survival of Lactacel
MC starter culture organisms in liquid medium.

control. This indicates strong stimulation by clove of acid
production by the starter culture bacteria.

The effect of clove at concentrations of 0.5 to 8 g/I was
also tested on the individual components of the mixed
starter culture, L. plantarum and P. cerevisiae. Results
for the individual microorganisms (Table 2) were similar
to those obtained for the mixed culture. Low levels of
clove stimulated acid production by both starter
organisms, but to a greater extent by L. plantarum.
Increasing concentrations of clove were inhibitory to
both organisms, and 8 g of clove/l was bactericidal.
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Figure 8. Effectof 0.5, 1, 2, 4, and 8 g/I clove on acid production by
Lactacel MC starter culture organisms in liquid medium.

Our data suggest that the starter culture organisms, L.
plantarum and P. cerevisiae, are more resistant to the
inhibitory effects of spices than are many of the
microorganisms investigated by other workers. Of the
spices that we studied, cinnamon and clove have been
reported to inhibit a variety of yeasts, molds and
bacteria, while the other spices were considered inactive
or active only at high concentrations (/,3,5-7,10,21).
Mustard was reported to be particularly inhibitory to
yeast (5,22). Fabian et al. (7) reported that ground
cinnamon and clove inhibited pathogenic bacteria at
concentrations as low as 0.1 %, while mustard, mace and
ginger were inhibitory at 5% concentration. Although we
found that the growth of Lactacel MC starter culture
bacteria was unaffected by red pepper, Gil (8) found that
capsaicin, the hot principle of red pepper, at a dilution of
1:1000, slightly inhibited growth of L. plantarum, did not
affect Staphylococcus aureus or Escherichia coli, but
prevented growth of Bacillus subtilis and Bacillus cereus.

There are only a few reports in the literature dealing
with stimulatory effects of spices. Webb and Tanner (21)

- TABLE 2. Effect of clove on growth of and acid production by L. plantarum and P. cerevisiae.

Incubation time at 35 C

24h 48 h 72h 96 h

Bacterium g/ TA2 count/ml TA count/ml TA count/mil TA count/ml

L. plantarum®
Control - 0.55 4.0x 107 0.75 1.8x 107 1.00 1.2 x 107 1.16 8.0 x 108
Clove 0.5 1.12 49x 107 3.62 4.1x 107 4.96 2.3 x 107 5.33 1.1 x 107
Clove 1 1.00 1.7x 107 2.73 1.1 x 107 3.39 4.3 x 10% 3.55 1.8 x 10¢
Clove 2 0.61 1.2x 107 1.64 6.7 x 10% 2.00 1.7 x 108 2.16 6.9 x 108
Clove 4 0.40 3.6x 104 0.69 8.4x 10° 0.78 6.4 x 10¢ 0.78 1.3x10*
Clove 8 0.14 S 0.12 2.0x 102 0.15 <1 0.16 <1

P. cerevisiae® )
Control - 062 - 1.6x10 111 9.3x 107 1.38 3.6 x 107 149 2.1 x 107
Clove 0.5 112 - 14x108 2.59 9.7 x 107 333 38 x107 3.7 1.0 x 107
Clove 1 0.85 1.0x 10° 2.60 4.7 %107 3.08 9.4 x 10¢ 3.27 1.7 x 10¢
Clove 2 0.19 2.5x 107 1.18 1.6 x 107 1.77 7.1 x 10¢ 1.99 8.2 % 108
Clove 4 0.09 8.0x 10* 0.18 2.9x 10% 0.30 3.0 x 10 044 1.8 x 108
Clove 8 0.14 1.2x 102 0.22 2 0.24 <1 0.31 <1

aTA = Titratable acidity.

ball samples initially contained 3.4 x 10* cells/ml of Lactacel DS starter culture.

CAll samples initially contained 1.6 x 10* cells/ml of Lactacel starter culture.



stated that oils of black and white peppers appear to
contain growth stimulants for yeasts; however, they did
not present data to substantiate this claim. Corran
and Edgar (5), reporting on the preservative action of

spices against yeast fermentation, measured by loss of '

glucose from the medium, suggested that black pepper
contains a yeast stimulant. Salzer et al. (/9) also reported
that black pepper stimulated growth of micrococci, but
their findings were inconclusive. Wright et al. (22),
however, showed that a number of spices at low
concentration, including cinnamon, ginger and mace,
exhibited marked stimulation of gas production during
yeast fermentation and that the enhanced gas production
was not the result of accelerated yeast cell proliferation.

Many investigators were concerned only with screening
spices and spice components for antimicrobial properties
toward a variety of microorganisms. However, our results
indicate that although spices may not affect the
population of the starter culture bacteria, they may affect
production of metabolites by the microorganisms. Also,
the concentration at which spices are used is important;
large quantities may be germicidal while low concen-
trations may stimulate some activity of the microorgan-
ism. The stimulatory effects we observed might possibly
be attributed to trace metals, co-factors, enzymes or
other constituents of spices. Additional information is
needed to define the mechanism of interaction between
spices and microorganisms.

ACKNOWLEDGMENTS

The authors express their thanks to Merck and Co., Inc., Rahway,
NJ, for samples of the starter cultures Lactacel MC, Lactacel DS, and
Lactacel; to Griffith Laboratories, Inc., Union, NJ, for samples of
purified spices; and to Saadia Y. Upchurch for skilled technical
assistance.

REFERENCES

1. Bachmann, F. M. 1916. Inhibiting action of certain spices on the
growth of microorganisms. J. Ind. Eng. Chem. 8:620-623.

2.Blum, H. B,, and F. W. Fabian. 1943. Spice oils and their
components for controlling microbial surface growth. Fruit
Products J. 22:326-329, 347.

3. Bullerman, L. B. 1974. Inhibition of aflatoxin production by
cinnamon. J. Food Sci. 39:1163-1165.

4. Collier, W. A., and Y. Nitta. 1930. Uber die Wirkung atherischer
Ole auf verschiedene Bakterienarten. Z. Hyg. Infektionskrankh.
111:301-312.

S.Corran.J. W., and S. H. Edgar. 1933. Preservative action of spices
and related compounds against yeast fermentation. J. Soc. Chem.
Ind. 52:149 T-152 T.

6. Dold, H., and A. Knapp. 1948. The antibacterial action of spices.
Z. Hyg. Infektionskrankh. 128:696-706. [Chem. Abstr. 47:9419a
(1953)]

7.Fabian, F. W., C. F. Krehl, and N. W. Little. 1939. The role of
spices in pickled food spoilage. Food Res. 4:269-286.

8.Gal. L. E. 1968. Uber die antibakterielle Wirksamkeit von Gewiirz-
paprika. Aktivitatspriifung von Capsicidin und Capsaicin. Z.
Lebensm. Untersuch. Forsch. 138:86-92.

9.Garg, S. C., and M. K. Tripathi. 1977. Zur fungiciden Wirkung
4therischer Ole. Riechst. Aromen Korperpflegem. 27(8):209.

10. Hoffman, C., and A. C. Evans. 1911. The use of spices as
preservatives. J. Ind. Eng. Chem. 3:835-838.

11. Karajoannoglou, P. G., A.J. Mantis, and A. G. Panetsos. 1977.
The effect of garlic extract on lactic acid bacteria (Lactobacillus
plantarum) in culture media. Lebensm. Wiss. Technol. 10:148-150.

12. Kissinger, J. C., and L. L. Zaika. 1978. Effect of major spices in
Lebanon bologna on acid production by starter culture organisms.
J. Food Prot. 41:429-431.

13. Klosa, J. 1951. Uber die hygienische Bedeutung der Riechstoffe. II.
Mitteilung. Seifen-Ole-Fette-Wachse. 77:432-433.

14.Koedam, A. 1977. Antimikrobielle Wirksamkeit Htherischer
Ole. Eine Literaturarbeit 1960-1976. Riechst. Aromen Korperp-
flegem 27(1):6,8-11; 27(2):36-41.

15. Maruzzella, J. C., and M. Freundlich. 1959. Antimicrobial sub-
stances from seeds. J. Am. Pharm. Assoc. 48:356-358.

16. Maruzzella, J. C., and P. A. Henry. 1958. The in vitro antibacterial
activity of essential oils and oil combinations. J. Am. Pharm. Assoc.
47:294-296.

17. Maruzzela, J. C., and L. Lieuori. 1958. The in vitro antifungal
activity of essentail oils. J. Am. Pharm. Assoc. 47:250-254.

18. Maruzzella, J. C., and N. A. Sicurella. 1960. Antibacterial activity
of essential oil vapors. J. Am. Pharm. Assoc. 49:692-694.

19. Salzer, U.-J., U. Briker, H.-F. Klie, and H.-U. Liepe. 1977.
Wirkung von Pfeffer und Pfefferinhaltsstoffen auf die Mikroflora
von Wurstwaren. Die Fleischwirtschaft. 57:2011-2014, 2017-2021.

20. Steudel, H. 1971. Die antimikrobielle Wirksamkeit der atherischen
Ole und Pflanzenextrakte. Seifen-Ole-Fette-Wachse. 97:736-738.

!1.Webb, A. H., and F. W. Tanner. 1945. Effect of spices and
flavoring materials on growth of yeasts. Food Res. 10:273-282.

'2. Wright, W. J., C. W. Bice, and J. M. Fogelberg. 1954. The effect
of spices on yeast fermentation. Cereal Chem. 31:100-122.

'3.Zaika, L. L., T. E. Zell, S. A. Palumbo, and J. L. Smith. 1978.
The effect of spices and salt on fermentation of Lebanon bologna-
type sausage. J. Food Sci. 43:186-189.



